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AMENDMENTS TO THE CLAIMS 

Claim 1 (currently amended) s An electrostatic 
discharge (BSD) protection circuit electrically 
5 connected to an input/output (I/O) buffering pad, an 
internal circuit, a [ [ Vse 1 ] VS3 power terminal, and a 
f I VddI ] Vdd power terminal, the BSD protection circuit 
comprising: 

a first ESD-detGction circuit electrically 
10 connected between the I/O buffering pad and the 
[ [ Vaa 1 ] Vbs power terminal; 

a P-type substrate-triggered silicon controlled 
rectifier (P-STSCR) comprising a first lateral silicon 
controlled rectifier (SCR) and a P-type trigger node, 
15 an anode and a cathode of the P-STSCR being 
electrically connected to the I/O buffering pad and 
the [ [ Vga] ] vss power terminal respectively; 

a second ESD-detection circuit electrically 
connected between the I/O buffering pad and the 
20 [[V M ]]Vdd power terminal? and 

an N-type substrate-triggered silicon controlled 
rectifier (N-STSCR) comprising a second lateral SCR 
and an N-type trigger node, a cathode and an anode of 
the N-STSCR being electrically connected to the I/O 
25 buffering pad and the r f VddI 1 Vdd power terminal 
respectively » 

Claim 2 (original): The ESD protection circuit of, claim 
1 wherein the P-STSCR further comprises: 
30 a P-type substrate; 

an N-well in the P-type substrate; 

a first N + diffusion region and a first P* diffusion 



3 



L'di 



QG£LEZSBBSBB 



nSH KIO-LSMin 925*1* 



9M0:(SS-IUIU) NOIlWina • 06UGZ68Z988:aiSO *81C6ZZ8:SINQ * OU-dHXda-OldSfVllAS * Nil mm iral WV mil WiW\ IV QAOU « IZ/8 39Vd 



region in P-type substrate for use as the cathode o£ 
the P-STSCR; and 

a second N + diffusion region and a second P + 
diffusion region in the N-well for use as the anode 
5 of the P-STSCR, the second p + diffusion region, the 
N-well, the P-type substrate and the first N + diffusion 
region forming the first lateral SCR * 

Claim 3 (currently amended): The BSD protection 
10 circuit of claim 2 wherein when a positive voltage 
pulse is applied to the I/O buffering pad, the first 
ESD detection circuit produces a first trigger current 
flowing into the P-type trigger node of the P-STSCR 
to trigger the first lateral SCR in the P-STSCR to enter 
IS a latch state, the latch state quickly turning on the 
P-STSCR so that a current incurred from the positive 
voltage pulse is discharged to the r IVbb 1 } Vss power 
terminal* 

20 Claim 4 (original) s The ESD protection circuit of claim 
1 wherein the H-ST5CR in the ESD protection circuit 
further comprises & 

a P-type substrate; 

an N-well in the P-type substrate; 
25 a first W + diffusion region and a first p + diffusion 

region in p-type substrate for use as the cathode of 
the N-STSCR? and 

a second N + diffusion region and a second P + 
diffusion region in the N-well for use as the anode 
30 of the N-STSCR, the second P + diffusion region, the 
N-well, the P-type substrate and the first N + diffusion 
region forming the second lateral SCR. 
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Claim 5 (currently amended) t The ESD protection 
circuit of claim 4 wherein when, a negative voltage 
pulse is applied to the I/O buffering pad, the second 
5 ESD detection circuit produces a second trigger 
current that flows into the N-type trigger node of the 
N-STSCR to trigger the second lateral SCR in the 
N-STSCR to enter a latch state, the latch state quickly 
turning on the N-STSCR so that current incurred from 
10 the negative voltage pulse is discharged to the 
t [ Vdd ] ] Vdd power terminal. 

Claim 6 (currently amended): The ESD protection 
circuit of claim 1 wherein the first ESD 
15 protoo tion det ect ion circuit comprises a first 
resistor, a first capacitor, a zener diode, a diode 
string or an NMOS * 

Claim 7 (original) i The BSD protection circuit of claim 
20 6 wherein the NMOS enhances the first trigger current 
so as to accelerate the triggering of the P-STSCR. 

Claim 8 (original) : The ESD protection circuit of claim 
1 wherein the second ESD detection circuit comprises 
25 a second resistor, a second capacitor, a zener diode, 
a diode string or a PMOS. 

Claim 9 (original) x The ESD protection circuit of claim 
8 wherein the PMOS enhances the seaond trigger current 
30 so as to accelerate the triggering of the N-STSCR. 

Claim 10 (currently amended) : The ESD protection 
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circuit of claim 1 wherein the fist E6D detection 
circuit comprises a third resistor, a third capacitor 
and a first inverter, an input node of the first 
inverter electrically connected to the [ [ Vpp 3 1 Vdd 
5 power terminal and the r f Vaa 1 1 Vbb power terminal 
through the third resistor and the third capacitor 
respectively/ an output node of the first inverter 
electrically connected to the P-type trigger node of 
the P-STSCR. 

10 

Claim 11 (currently amended) s The ESD protection 
circuit of claim 10 wherein when a positive ESD voltage 
pulse is applied to the I/O buffering pad, the. first 
inverter is charged by the positive ESD voltage pulse 

15 to generate a third trigger current at the output node 
of the first inverter, the third trigger current 
flowing into the P-type trigger node of the P-STSCR 
to trigger the fist lateral SCR, the first lateral SCR 
entering a latch state in response to the third trigger 

20 current and quickly turning on the P-STSCR so that 
current incurred from the positive voltage pulse is 
discharged to the t [ Vbb 1 1 Vbb power terminal* 

Claim 12 (currently amended) t The ESD protection 
25 circuit of claim 1 wherein the second BSD detection 
circuit comprises a fourth resistor/ a fourth 
capacitor/ and a second inverter, an input node of the 
second inverter electrically connected to the 
[ [Vbb] 1 vss power terminal and the f TVedI 1 Vdd power 
30 terminal through the fourth resistor and the fourth 
capacitor respectively, an output node of the second 
inverter electrically connected to the N-type trigger 
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node of the K\-STSCR. 

Claim 13 (currently amended) t The ESD protection 
circuit of claim 12 wherein when a negative ESD voltage 
5 pulse la applied to the I/O buffering pad, the output 
node of the second inverter is charged by the negative 
esd voltage pulse to generate a fourth trigger current 
at the N-type trigger node of the N-STSCR to trigger 
the second lateral SCR, the second lateral SCR entering 
10 a latch state in response to the fourth trigger current 
to turn on the N-STSCR quickly so that current incurred 
from the negative voltage pulse is discharged to the 
r r Vdd 1 1 vdd power terminal* 

15 Claim 14 (currently amended) i An electrostatic 
discharge (BSD) protection circuit electrically 
connected to an r/O buffering pad, an Internal circuit, 
a f f Vflg] I Vss power terminal and a [ fVp D i I Vdd power 
terminal, the ESD protection circuit comprising c 

20 a first ESD-detection circuit electrically 

connected between the I/O buffering pad and the 
[ [ Vas] I Vfls power terminal? 

a first stacked silicon controlled rectifier (SCR) 
electrically connected between the [[V flB ])Vas power 

25 terminal and the I/O buffering pad, the first stacked 
SCR series connected by a plurality of P-type 
substrate-triggered silicon controlled rectifiers 
(P-STSCR), each P-STSCR comprising a first lateral SCR 
and a P-type trigger node; 

30 a second ESD-detect ion circuit electrically 

connected between the I/O buffering pad and the 
f f Vdd 1 I Vdd power terminal; and 
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a second stacked SCR electrically connected between 
the [ [V 00 ] ] Vdd power terminal and the I/O buffering pad, 
the second stacked SCR series connected by a plurality 
of N-type subs tr atg-tr iggered silicon controlled 
5 rectifiers (N-STSCR), each N—STSCR comprising a second 
lateral SCR and an N-typa trigger node; 

wherein a total holding voltage for the first 
stacked SCR is greater than a maximum voltage level 
of a normal signal on the I/O buffering pad, and a total 
ID holding voltage for the second stacked SCR lsless than 
a minimum voltage level of the normal signal on the 
I/O buffering pad, so as to prevent normal signals from 

being interfered because of the unexpected turn-on of 

i 

the ESD protection circuit by. noise. 

15 

Claim IS (original) s The ESD protection circuit of 
claim 14 wherein each P-STSCR further comprises * 
a P-type substrate; 

an N-well in the P-type substrate; 
20 a first N + diffusion region and a first P* 

diffusion region in the P-type substrate for use as 
the cathode of the p-stscr; and 

a second N + diffusion region and a second F + 
diffusion region in the N-well for use as the anode 
25 of the P-STSCR, the second P + diffusion region, the 
N-well, the P-type substrate and the first M + diffusion 
region forming the first lateral SCR* 

Claim 16 (original) ; The BSD protection circuit of 
30 claim 14 wherein the first stacked SCR further 
comprises a plurality of diodes series connected with 
each P-STSCR, 
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Claim 17 (original) x The ESD protection circuit of 
claim 14 wherein each xt-STSCR further comprises t 

a P-type substrate; 
5 an N-well in the P-type substrate; 

a first N* diffusion region and a first P + 
diffusion region in the P-type substrate for use as 
the cathode of the N-STSCR; and 

a second N + diffusion region and a second P + 
10 diffusion region in the N-well for use as the anode 
of the N-SSSCR, the second P + diffusion region, the 
N-well, the P-type substrate and the first N + diffusion 
region forming the second lateral SCR- 

15 Claim 18 (original) t The ESD protection circuit of 
claim 14 wherein the second stacked SCR further 
comprises a plurality of diodes series connected with 
each W-STSCRp 

20 Claim 19-33 (canceled) 

Claim 34 (currently amended): A power-rail BSD clamp 
circuit for use with mixed voltages, this power-rail 
ESD clamp circuit being electrically connected between 

25 a [ [Vasl ] Vbb power terminal and a [[V DD jjvdd power 
terminal comprising a first Vdd power terminal and a 
second Vdd power terminal , the power-rail ESD clamp 
circuit comprising a plurality of oub power rail E S D 
clamp oirqui - bp a first sub power-rail ESD clamp circuit/ 

30 a second sub power-rail ESD clamp circuit and a third 
sub power-rail ESD clamp circuit, each of the flub 
power-rail ESD clamp circuits comprises: 
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an ESD-detection circuit; and 

at least one substrate'triggered silicon 
controlled rectifier (STSCR), the STSCR comprising a 
lateral silicon controlled rectifier ( SCR) and at 
5 least one trigger node; 

wherein the first sub power-rail ESD clamp circuit 
is electrically connected between the first Vdd power 
terminal and the Vss power terminal; the second sub 
power-rail ESP clamp circuit is electrically connected 
10 between the first Vdd power terminal and the second 
Vdd power terminal; and the third sub power-rail ESP 
clamp circuit is electrically connected between the 
second vdd power terminal and the vce power terminal * 

IS Claim 35 (canceled) 

Claim 36 (currently amended) i The power-rail ESD clamp 
circuit of claim [ [ 35 } ] 34. wherein the STSCR is a P-type 
substrate-triggered silicon controlled rectifier 
20 (P-STSCR) and the trigger node is a P-type trigger 
node. 

claim 37 (currently amended) t The power-rail ESD clamp 
circuit of claim [[35]]3_4 wherein the 
25 substrate-triggered silicon controlled rectifier is 
an N-type substrate-triggered silicon controlled 
rectifier (N-STSCR) and the trigger node is an N-type 
trigger node. 

30 Claim 38 (currently amended) s The power-rail ESD clamp 
circuit of claim [[351]34_ wherein the 
substrate-triggered silicon controlled rectifier 
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(STSCR) is a double-triggered silicon controlled 
rectifier (DT-SCR) and the DT-SCR comprises a P-type 
trigger node and an N-type trigger node* 

5 Claim 39 (currently amended) : The power-rail ESD clamp 
circuit of claim [ [ 35 ] ]34_wherein a plurality of diodes 
are series connected with the STSCR . 

Claim 40-43 (canceled) 

10 

Claim 44 (currently amended) ? An ESD-connection 
circuit for use in separated power rails, the separated 
power rails comprising a first [ [V S s] ]Vss power 
terminal, a first [ [Vpp ] ] Vdd power terminal, a second 

15 [(VasllVas power terminal, and a second [ [ Vpp] ] Vdd 
power terminal, a first core circuit connected between 
the first t [ Vci>] ] Vdd power terminal and the first 
f f VabI T Vbs power terminal, a second core circuit 
connected bet-ween the. second f r Vdd 1 1 Vdd power terminal 

20 and the second [ [ Vsa] ] Vss power terminal, the 
ESD-connection circuit comprising: 
at least one ESD-detec tion circuit? 

a first sub ESD-connection circuit directly 
connected between the first Vdd power terminal and the 

25 second Vdd power terminal ; 

a second sub ESD-connection circuit direct ly 
connected between the first Vdd power terminal and the 
second Vdd power terminal ; 

a third sub ESD-connect ion circuit directly 

30 connected between the first Vss power terminal and the 
second Vss power terminal ; and 

a fourth sub ESD-connection circuit directly 
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connected between 'the first Vss power terminal and the 
second Vas power terminal » 

Claim 45 (original) j The EBD-connection circuit of 
5 claim 44 wherein each of the sub BS D- connection 
circuits further comprises at least one 
substrate-triggered silicon controlled rectifier 
(STSCR), the STSCR comprising a lateral silicon 
controlled rectifier (SCR) and at least one trigger 
10 node . 

Claim 46 (original): The ESD-connection circuit of 
claim 45 wherein the STSCR is a p-type 
substrate-triggered silicon controlled rectifier 
15 (F-STSCR) and the trigger node is a P-type trigger 
node. 

Claim 47 (original): The ESD-connection circuit of 
claim 45 wherein the substrate-triggered silicon 
20 controlled rectifier is an N-type substrate-triggered 
silicon controlled rectifier (N-STSCR) and the trigger 
node is an N-type trigger node. 

Claim 48 (original) x The ESD-connection circuit of 
25 claim 45 wherein the substrate-triggered silicon 
controlled rectifier (STSCR) is a double-triggered 
silicon controlled rectifier (DT-SCR) and the dt-SCR 
comprises a P-type trigger node and an N-type trigger 
node. 
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Claim 49 (original): The BSD-connection circuit of 
claim 45 wherein a plurality of diodes are series 
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connected with the STSCR. 

Claim 50 (currently amended); The ESD-connection 
circuit of claim 45 wherein an anode, a cathode and 
5 each trigger node of the first sub ESD-connection 
circuit are electrically connected to the first 
[ [V DD ]] Vdd power terminal, the second [ [V DD ] ]Vdd power 
terminal, and the ESD detection circuit, respectively. 

10 Claim 51 (currently amended) i The ESD-connection 
circuit of claim 45 wherein an anode , a cathode and 
each trigger node of the second sub ESD-connection 
circuit are electrically connected to the second 
[ [Vdd] 1 Vdd power terminal, the first [ [Vdd] ] Vdd power 

15 terminal, and the ESD detection circuit, respectively* 

Claim 52 (currently amended)^ The ESD-connection 
circuit of claim 45 wherein an anode, a cathode and 
each trigger node of the third sub ESD-connection 
20 circuit are electrically connected to the second 
[ [ Vfisl 1 Vsa power terminal, the first [ [V as ] ]Veja power 
terminal, and the ESD detection circuit, respectively. 

Claim 53 (currently amended): The ESD-connection 
25 circuit of claim 45 wherein an anode, a cathode and 
each trigger node of the fourth sub ESD-connection 
circuit are electrically connected to the first 
[ [Vbs] jvss power terminal, the second I [ Vsa 1 ] Vsb power 
terminal, and th« ESD detection circuit, respectively. 

30 

Claim 54 (currently amended): The ESD-connection 
circuit of claim 44 wherein the ESD-deteetion circuit 
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is e lac trie ally connected between the first [ [ V DD 1 ] Vdd 
power terminal and the first [ [ V S s ] ] Vss power terminal . 

Claim 55 (currently amended)! The ESD-connection 
5 circuit of claim 44 wherein the BSD-detection circuit 
is electrically connected between the second 
[ [ VddI ] Vdd power terminal and the second [ [ Vssl I Vaa 
power terminal. 
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